pressure and can damage the cranial nerves. However, the incidence and severity of pituitary and hypothalamus dysfunction is lower compared with common craniopharyngiomas.
Aggressive resection is considered the standard-of-care management for craniopharyngioma. Although progress in microsurgical techniques combined with advanced neuroimaging and intensive endocrinological replacement treatments has significantly reduced operative mortality, total resections of these tumors are often associated with neuropathies and/or eloquent brain injury. The tumor recurrence rates are as high as 66% if surgical treatment is performed alone, 23, 29, 31, 36 particularly for giant craniopharyngiomas. 7, 22, 24, 32 Therefore, an effective treatment is needed to achieve long-term tumor control, minimize treatment morbidity, preserve the hypothalamic-pituitary axis, and avoid postoperative visual and cognitive dysfunction.
Stereotactic intracavitary irradiation using pure betaemitting radioisotopes represents a minimally invasive treatment strategy for cystic craniopharyngiomas that is associated with a low risk of morbidity and mortality for patients. Moreover, targeted radiation for the cystic component delivered via an intracystic injection of a colloidal radioisotope proximal to the cyst wall was shown to successfully control the cystic components of these tumors. 13, 14, 26, 27, 33 In this study, we retrospectively reviewed 20 cases of giant posterior fossa cystic craniopharyngiomas that were treated with interstitial radiotherapy using phosphorus-32 (P-32) after stereotactic cyst-fluid aspiration or drainage at our neurosurgical center, with the aim of obtaining useful information on effectively treating this tumor type.
methods study Population
We identified and reviewed 20 patients with giant cystic craniopharyngiomas extending to the posterior fossa who were treated using intracystic irradiation with P-32 after stereotactic cyst-fluid aspiration or drainage between 2000 and 2011 at the neurosurgical center of the General Navy Hospital of China. This patient cohort included approximately 4.8% of the 418 patients with craniopharyngiomas admitted during the same time period. This retrospective review was performed with authorization from our hospital review board.
The criteria for giant posterior fossa cystic craniopharyngiomas included tumors originating from the sellar region and extending to the posterior fossa with a tumor diameter greater than 6 cm or a volume greater than 60 ml. The sellar region is defined with an anterior border at the anterior clinoid process and the front edge of the sellar nodules, a posterior border at the posterior clinoid process and dorsum sellae, and side borders at the carotid artery sulcus. The main structure and adjacent organs of the sellar region include the sella turcica, diaphragma sellae, pituitary gland, cavernous sinus, suprasellar cistern, blood vessels on the sellar region, and the hypothalamus. The diagnosis was based on the patient's history, clinical presentation, typical imaging findings, extracted cyst-fluid examination (containing cholesterol crystal), and previous pathological diagnosis if the patient previously received surgical intervention. Primary tumors in the posterior fossa or the cerebellopontine angle were excluded.
The 20 evaluated patients consisted of 9 girls and 11 boys with a mean age of 7 years and a range of 0.25-14 years. The disease history ranged from 0.5 to 12 months with a mean period of 5.5 months. Table 1 summarizes the information for the 20 patients regarding their clinical characteristics, presentations, and imaging findings. Based on previous literature and our own clinical data, almost all cases of giant posterior fossa cystic craniopharyngiomas develop in young children, and both sexes are affected equally. The most common clinical symptoms at presentation included headaches with nausea/vomiting and drowsiness due to intracranial hypertension (n = 16); optic nerve injury (n = 18) including decreased vision, a visual field defect, and nerve atrophy; or other cranial nerve damage (n = 8) affecting the auditory nerve, facial nerve, abducens nerve, and oculomotor nerves. The less common symptoms included physical stunting (n = 4), polydipsia and polyuria (including patients with diabetes; n = 3), and seizures (n = 2). There were 7 cases that showed hydrocephalus.
Brain CT and MRI showed typical imaging manifestations of giant posterior fossa cystic craniopharyngiomas in the 20 patients. All the tumors originated in the sellar region and extended to the posterior cranial fossa (unilateral 4 cases, bilateral 16 cases). Eight cases presented with tumors to the foramen magnum level, and 2 cases showed tumors that crossed the foramen magnum into the spinal canal (1 case up to the neck vertebral level). In 8 cases, the tumor moved into the anterior cranial fossa (unilateral 4 cases, bilateral 4 cases). There were 9 cases showing tumors in the middle cranial fossa (unilateral 3 cases, bilateral 6 cases) and 4 cases with tumors in the third ventricle. Fourteen cases presented as single cystic tumors, and 6 cases showed mixed cystic and solid tumors (single cyst in 1 case, double cysts in 2 cases, 3 cysts in 2 cases, 4 cysts in 1 case). The CT results showed that the cysts presented with low density in 8 cases, high density in 5 cases, isodensity in 2 cases, and mixed density in 5 cases (isodensity and high density in 4 cases, high density and low density in 1 case). Calcification was found in 19 cases, with typical wall eggshell calcification in 12 cases and irregular calcification in the solid part within the tumor in 7 cases. MRI results showed short T1 and long T2 signals in 9 cases, long T1 and T2 signals in 6 cases, isointense T1 and long T2 signals in 1 case, and mixed signals in 4 cases (short T1 and long T2, and long T1 and long T2). The tumor volumes ranged from 65 to 215 ml, with an average of 134.05 ml.
Phosphorous-32 radiotherapy
For radioisotope P-32 interstitial radiotherapy, all patients received frame (Frame G, Leksell) or frameless (4 fiducials) stereotactic cyst-fluid aspiration (drainage) under local anesthesia, with the exception of patients under 5 years of age who received general anesthesia. Enhanced T1-weighted axial and coronal 3-mm-thick MR images were obtained, and the images were transferred to the Aero Tech stereotactic surgery planning system (Image Processing Center, Beihang University, Beijing, China) to calculate the tumor volume and determine the target, surgery path, and puncture point. The tumor volume was automatically calculated by the system after labeling the tumor contour. This measurement was performed prior to cyst aspiration to calculate the appropriate dose of the P-32 radioisotope. In general, the puncture path should avoid sulci, ventricles, and any nerves and blood vessels. Based on the tumor location and anatomical relationship to the surrounding tissue, we determined the entrance points for these lesions. Among the 27 punctures in this study, 19 were performed via the supratentorial frontal pathway and 8 were performed through the infratentorial cerebellar hemisphere pathway. No reservoirs were left in any of the patients. If the tumor volume was less than 100 ml, direct cyst puncture was used to aspirate one-third to onehalf of the cyst fluid, and then the P-32 radioisotope was injected. If the tumor volume was greater than 100 ml, a fine silicone drainage tube with a 2-mm outside diameter and a 1.5-mm inside diameter was implanted for continuous or intermittent cyst fluid drainage. After 3-5 days, the P-32 isotope was injected through the drainage tube, and the tube was subsequently removed. The colloidal activity of the injected P-32 radioisotope was calculated based on even distribution within the tumor and a 150 Gy prescription dose for the cyst wall. The actual administration activity was determined using nomogram tables as follows: Activity = 0.1365 × (dose in Gy) × vol (ml) / 0.455. These tables are based on a numerical calculation of dose delivered to a surface on the inner wall of a hollow sphere filled with a homogeneous mixture of radiocolloid and water. In all cases, the activity obtained from the nomogram was within 5% of the calculated activity using the previous formula. Because the injected P-32 volume (0.5-1.5 ml) was much smaller than the cystic volume (> 60 ml), there was little chance of leakage through the insertion hole.
results Table 2 summarizes the giant posterior fossa cystic craniopharyngiomas features before treatment, radioisotope P-32 interstitial radiotherapy, and treatment outcomes for the 20 patients. The patients received either frame or frameless stereotactic surgeries for cyst-fluid aspiration or drainage followed by P-32 radioisotope interstitial radiotherapy. Depending on the cystic volume, either direct cyst puncture or a fine drainage silicone tube was used to aspirate the cyst fluid prior to P-32 injection. One patient who had 4 cysts underwent 2 stereotactic surgeries over an interval of 3 months, in which 2 cysts were treated during each surgery.
After the interstitial radiotherapy, the patients were followed-up for 7-138 months with an average of 48.6 months. The patients were regularly assessed via clinical observation, pituitary endocrine analysis, and radiological examinations every 6 months during the postoperative follow-up period. Clinically, intracranial hypertension symptoms were relieved in all 20 patients immediately after treatment. Posttreatment imaging showed that the ventricle volume returned to a normal size in the 7 patients who showed hydrocephalus prior to treatment. Among the 18 patients with optic nerve injury, the function of the damaged optic nerve was recovered in 3 cases, improved in 12 cases, unchanged in 1 case, and aggravated in 2 cases. Injuries to the other cranial nerves occurred in 8 patients. There was total recovery observed in 6 cases, partial recovery in 1 case, and unchanged status in 1 case. The examinations for endocrine function, including laboratory tests for pituitary endocrine function and other symptoms, showed that physical development was normal or improved after tumor shrinkage in the 4 patients who presented with delayed physical development (stature) resulting from growth hormone abnormalities. In the 3 cases with polydipsia and polyuria, 2 patients improved, and 1 showed no significant change. The 2 patients with established epilepsy who still had occasional epilepsy attacks while taking anticonvulsants before the stereotactic surgery and P-32 treatment demonstrated no epilepsy symptoms while taking the same dose of antiepileptic drugs as before the postoperative follow-up period. The MRI results showed that the cystic tumors completely disappeared, leaving some residual calcification, in 12 patients (Fig. 1) and that the tumor volume decreased by 75% in 8 patients (Fig. 2) during the posttreatment period (range 6-24 months, average 13.6 months).
Isotope leakage into the subarachnoid space may be an important sequela of radioisotope treatment that injures tissues adjacent to the tumor, such as the optic nerve, hypothalamus, pituitary gland, and internal carotid artery. To detect P-32 leakage after intracystic injection, we evaluated 6 randomly selected patients using gamma scintillation camera examination on the 1st day after treatment. We did not observe postoperative leakage of P-32 in any patient. Moreover, no other complications related to interstitial radiotherapy, such as injury to the internal carotid artery or hypothalamus, were found in any of the 20 patients during the follow-up period.
Five patients developed new cysts with an average volume of 6.4 ml (range 3-11 ml) during the follow-up period. There were 2 patients with 2 new cysts that were discovered at 39 months and 43 months after the initial treatment. The other 3 patients each had 1 new cyst that was discovered at 6, 9, and 15 months after the initial treatment. These new tumors received a second course of interstitial P-32 radiotherapy, and the dose was calculated using the same formula as for the initial treatment. During the supplementary follow-up period of 8-66 months, the tumors completely disappeared in the 2 patients with 2 new cysts (Fig. 3) , significantly shrank in 2 patients with 1 new cyst, and progressed in 1 patient with 1 new cyst. The tumor control rate for these new tumors was 85.7%.
discussion
Giant craniopharyngiomas, such as giant posterior fossa cystic craniopharyngiomas, occur at a low incidence and differ from common craniopharyngiomas. Statistically, giant cystic craniopharyngiomas account for 4%-9% of all craniopharyngiomas, and giant posterior fossa cystic craniopharyngiomas represent only 4% of all craniopharyngiomas and are mainly composed of polycysts. 6, 25 The clinical features of giant posterior fossa cystic craniopharyngiomas include increased intracranial pressure due to the large volume of the tumors and compromised cranial nerve functions caused by tumor extension along the cistern and subarachnoid regions. The optic nerve as well as the auditory nerve, facial nerve, abducens nerve, and oculomotor nerve are the most commonly involved nerves in cases of giant posterior fossa cystic craniopharyngiomas. However, identifying an effective treatment for these craniopharyngiomas remains an important challenge in neurosurgery. 34 In this study, we reviewed the treatment effects of isotope interstitial radiotherapy in a relatively larger number of cases of giant posterior fossa cystic craniopharyngiomas. 3, 6, 9, 11, 18, 28, 35 The treatment options for giant posterior fossa cystic craniopharyngiomas also remain controversial. Due to the benign pathological nature of these tumors, resection should be the ideal choice, and several groups have recently achieved good results. Giant posterior fossa cystic craniopharyngiomas often involve more important intracranial structures than common craniopharyngiomas in the sellar region. Moreover, despite the clear boundary between the cyst wall and the normal brain tissue, removing the tumor requires pulling the cyst wall from the surrounding tissue. Thus, cyst removal will inevitably cause injury to neurovascular structures. Therefore, total tumor resection is accompanied by a high risk for morbidity and mortality. 21, 30, 34 Moreover, radical tumor resection cannot rule out the possibility of local tumor recurrence, even if postoperative MRI shows that no residual tumor remains. 4, 5, 7 Additionally, some long-term survivors after complete resection experience a poor quality of life. 8, 12, 17, 19, 20 Thus, partial resection associated with or without postoperative treatment has been proposed, including regular radiotherapy or interstitial radiotherapy, especially for tumors with hypothalamus involvement confirmed by preoperative imaging. 5, 7, 8 Complete 1-stage resection of suprasellar and posterior fossa tumors through the Kawase approach has been reported as an effective surgical treatment, 11, 18 although other studies have proposed multistage operations involving a craniotomy and resection of suprasellar tumors through the petrous and bilateral frontal region in the first stage.
6 Then a craniotomy is performed via the suboccipital approach to resect the tumor in the posterior fossa before formation of postoperative adhesion in the second stage. Gangemi et al. reported that endoscopic cyst drainage could be performed to reduce the size of the tumor, and then a craniotomy resection could be subsequently used. 9 These authors stressed that endoscopic drainage can rapidly reduce intracranial pressure, improve the circulation of CSF, and alleviate adhesion between the tumor and surrounding vital structures, which facilitates subsequent complete resection.
In recent years, 22 cases of giant posterior fossa cystic craniopharyngiomas treated with surgery have been reported. A total of 35 surgeries were performed with an average of 1.59 operations per case. Complete resection was achieved in 16 cases, subtotal resection in 2 cases, and partial resection in 4 cases. Following surgical intervention, 2 patients died at 4 and 12 days postoperatively. One patient underwent 2 surgical interventions for complete resection of the tumor but died 3 years later. Only 13 cases were followed up for more than 3 months. Although no tumor progression was found in these cases, 3 patients required hormone replacement therapy. Therefore, the treatment outcome was not satisfactory. A large number of studies have confirmed that P-32 interstitial radiation therapy can treat cystic craniopharyngiomas with satisfactory short-term and long-term results. 2, [13] [14] [15] 26 However, the best indication for this treatment was for patients with a simple cyst and a tumor volume of 3-40 ml. 33 The therapeutic dose in these studies ranged from 50 to 1000 Gy, with most patients receiving 200-300 Gy. 2, [13] [14] [15] 26, 33 The treatment outcome was not satisfactory and there was a high recurrence rate if the dose was less than 200 Gy. We did not find any reports for the treatment of giant craniopharyngiomas using isotope radiotherapy. In this study, although the tumor volume was much larger, with a range from 65 to 215 ml, we used a dose of 150 Gy for treatment after determining that the tumor size would decrease after drainage. During the follow-up period, no apparent related complications were detected. Among the 27 cysts treated in 20 patients, 14 disappeared and 13 significantly shrank. These results indicate that giant craniopharyngiomas in children are highly sensitive to interstitial radiotherapy. The most obvious clinical outcome after surgery was alleviated intracranial hypertension, and this mitigation was sustained unless the tumor was recurrent. After cystic fluid drainage, the cranial nerve compression symptoms were also fully alleviated. The degree of cranial nerve damage recovery depended on the reversibility of the nerve function. Fortunately, the cranial nerve compression had formed slowly, and the nerve therefore developed tolerance to compression. When this compression was lifted, the nerve functions could be partially or completely restored. In this study, 13 cranial nerves other than the optic nerve were involved. After treatment, 11 cranial nerves were completely restored and 1 was partially restored. This result suggests that a good outcome is possible for affected cranial nerves after treatment. We also found that the endocrine disorder symptoms were mild in all 20 patients and were most likely due to the giant cystic craniopharyngiomas extending into low-pressure areas with relatively less compression on the optic nerve, thalamus, and pituitary.
conclusions
This study showed that isotope interstitial radiotherapy following drainage is an effective method for the treatment of giant posterior fossa cystic craniopharyngiomas, which can quickly relieve intracranial hypertension, achieve a high rate of tumor control, and result in recovery of the damaged cranial nerve, accompanied by a low complication rate and good quality of life.
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